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(54) DEMODULATION METHOD AND DEMODULATOR 
(57)Abstract: 

PROBLEM TO BE SOLVED: To solve the problem that a 
conventional demodulator has wrongly corrected 
transmission high-order information bits because the 
transmission high-order information bits are estimated 
through hard decision of a received signal point 26 
although transmission low-order information bits can 
accurately be estimated. 

SOLUTION: The demodulation method of this invention 
includes a coset estimate step where low-order bits are 
estimated from a logarithmic likelihood ratio of the low- 
order information bits, parity bits are estimated from a 
logarithmic likelihood of the parity bits, and a coset is 
estimated from the low-order information bits and the 
parity bits and a high-order information bit estimate step 
where a transmission signal point is estimated from the 
coset and the high-order information bits are estimated 
from the transmission signal point. 
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« -eoTfiiw^ tr •/ h t y X -f t' y h 3 -fe •/ 

hS-ai^Sn-fe-y hitSX-f.yri:. ±ie3-fe.yh|t 
ii^L. '5-Oillflfi-^^*>/i>±{5ffi^h'-y h^lt^-rs 

mmx' h n) Ml -y ^ ^tf^-r s 
^miLx. T©wffib'>y ^co^f^scfcJeiti:>'^•y■f^b' 
b' y h«7)iftSc*eiti:VN*yTr ^ t' y hcOJtScfcSJtS-lf- 

immLX. TfitP8b'-yhc7)SsfgytJgJti:VN-y7^^h' 
•y h<^««:Rtbf-tt^t-S^*^H-^^St . ± 
iE»*Sr:«:eitfffl:^g(cj: Otfa^ix/cTfiffi^b'-y h 
<0*ta±jgJt*-^>TfiW^b'-y h S i: i: t 
±iei*i!c*EJtU-»^gtcJ: 'omm.^tttz^^^J'f^ b'-y 
h«OJti!cfcOUt*^^»'N''J-r-< b'-y hSrJg^L, ■?-(7)T{a 

IffSb' y htVN'Ux-f b'>y h*>/^3-fe.y 

■b -y hft^#©t , ±fe=J-b y hft^#g{C J: 



mx'hu y xtofi^^ h y -y ^ &ft»f * rJ'-Ttw^si 

SSLT. Tfiffi^b'-y hO^Wtmti:>N-y7^-f b'-y h 

[ff*3» 1 0 ] mLim:m%^mi. 3 >yN'-i/ 3 

SIStcfcftl.d^^EBcoraiij&^^Oi-^' y <y h'ggM 

•y^^tta-r^±ie^-,+:a-§-s-iiS6Lr. T&w^b- 

•y h<7)*«8::fcgJti:y\-yT--f b'-y bOj^ScfcSJt^rtf-lE 
[000 13 

[00023 

-bT'J)0. HtloV^T. STl(igftft^,i[W' k , 

V ^<r>im <w k , V k } ^S{it-|.iiiigi7-n-y 

^'^ ST2«gfifi-^^6reo^^jiJ {W k , V k > *>ii> 
^'-!jfa-^iOA*ffiT'ft-S.Si[A:^ffiw* 1 . k . W 
o.k.v'i k.v'o.k atXTfiib'-y hofflffl 
^ffih (Wi.k),h(w"o.k).h(v' 
1 . k ) . h (v- 0 . k ) 5rf^S[■f--^.«fflyo.y^. 
ST3{iii:A:'3ttw' J . k . W 0 . k . 

V 1 . k . V 0. k SlTFfiib'-y h<;D?ffiJSffih 

(W 1 . k ) . h (w* 0 , k ) . h 

(v',.k).h(v'o.k) ^Zi.h^-if^m.^-k 
»feLT, T{4fffBb'-y ^^*SJtL (uk ) 
^ff^-r^JOST'O y;?, ST4{iT{aWf8b'-y huk 
<0*«»*eJtL (uk ) *>^>J*fiTfl[ffif8b'-y h«it^ 
fflu ' k ^mth^Wrn . S T 5 (iSfffl^* 
J:0±fi3[ffii5b'-yh<7)jg^j^^^i6Ux, 3Mft±fi[W|g 
b'«y hc7)Jt^fflu' 2. k. u' 2-1. k. — . u' 

3 . k 5rffS:-r^Jl5arn y i?T'S>l) . 
[ 0 0 0 3 3 06 ( a ) \t9-if^^^-^mmvmb-th 

0, 06 ( b ) l,if>^msmmm ( QAM : Qu a d 
rature Amplitude Modulati 
on)i;L,T. 16QA Wr^^^^Wi \^fd^^<rm^^ 
SrTKTflljKa, 06 ( c ) \t^iV-^^->7^}7'^f^mfj1^ 

^zii\^hv-vim.^wrtwmx'hh. atc*5v^T. 

I{i2b'-y hcotpgb' y hS-A:'3LT. 2b--y hc7)tffg 
b' 7 h fc 2 b' y hOJC^b' >y h $• ai:t|-t-S ^' -."tftJ^ 
IS. 2(i:J'-;K^gr^ 1 *«{lJ:ftt- S b'-y hi^^JIJ^-^-T 
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[0004] mi\tm(>cr>s-7fj!^^^ i ^-^^-r^Bga 

12, 1 3(i^^:5"J-yN\ 1 4 liSilSflmiiiSa;?^ 

1 5 {4T>f y -y N'T-ft 5 . 
[0005] mzWl^\,zr>\,\xmm-h . 
1 -Ctt, Teifffif y h u 2 «?3ii^Ju 2 . 1 . 

" 2 . 2 . -. U 2 . k . - . U 2 . N aiTF^iffifgb' 

-. "i . N ^^1 . 2, k, Hcm^-Q 

1 0 0 0 6 1 w*> . 1 (^mmmmsLTi. 

b* y h u , <7)^?IJ Sr^»:A:»3 LT^^^-fk L , v'N- U TT b' 

•y bUo . CO^^Uo a . 1 - Uo a . 2 . U 

^C:T\ w, vJ±06 (c) fc^t-#>->{cjtie-r 

J 0 0 0 8 ] ®8t±#«x -f 

■m-tmmXtih. #(C|18 (a) {i4ffiPSK (Ph 
ase Shift Keying) I^T^tfOff^^Sffi 
08 ( b ) J4 1 6 QAM:^«7)fi-t^S. 118 
( c ) «i6 4QAM:^i0fi-^^Ea-CfcS. mzii\^ 
X. A. B. C. D«3-b-y hT'*0> n-t.yh{i3>' 

[ 0 0 0 9 ] Tfi[«ffib'.y h u 1 , U2 i:^N'yx^b'.y 

b U 0 a . U 0 b A^^Wi , Wq . V 1 , V 0 

ixS**, r?-fe.yh(4ia8 (d) l,z^-tJ:dt,z. (w, , 

Wo ) tfzi±(v^ , Vo ) 3&»ic.g«{^$^l.|>. BOh. 1& 

ffi?gb'>y h^A:»3L. ll8<7)^l-t^Sii2afca-:3'v^TM« 

[0010] -yr^ ^mmx'ii. ^mm^j^t^' tfz 
«v' x'h&Wr^. mmmi:mmi-^:itiz^*)mmii' 

^.W STttiV {CJgg-r^i:, 08 (a) . (b) , 
(c ) <Ol^-fixco%^(=t5V^Tt. Sm<t#^tCfttjfi 
V^4^.<4. n-fe-yhA, B. C. DT-feSi i:**^)-*^ 

[ 0 0 1 1 1 -ecT-. fi»CTT'«. jBi,#tt*^-fl:-#-S 



0 a . k . uo a . N Sraj:^f 5. :f-4-v??-^l 

«7)S*§Wffl««a;^»??-^ 1 4 {4 . ^ -y n 2 . 

1 3 J: 0 'b^iitrTfaWSb'-y h u 2 <7)^?m 

trpffiw^b'-y hui £o^?IJS:i£i^^A:^L•c^^•^•^^:L. 

^N-'Jir-f b'yhuo b <oa^Juo b. ,.Uob. 2. 
•••• uo b . k . -. uo b , N ?:tii:hth. ^rfe, S 
immmS&^n^ l 4 A>'tii:^-rsyN-y ^ b'-y h u 
0 b «0iK5«J4. ■r'f>':J'UwN'i StciOTcOB^^c-^ 

[00 07 1 3>-ys--i/3>'2«4. :5'-^flF^l*>^> 
TfilLWfgb' •/ h u 1 , u 2 t'^^^Ji: , f - b'-y h u 
0 a_. Uo b «0^JSrA:^3-rSi:. SeiBI(CtJV>T. * 

mil 



(1) 



^ ) Sr^iJS'Jt- S Tffi 2 b' -y h ic^t LT , mtifzm 0 ITiE 

{f . me (c) c7)±<5ffi$gb'>y h^^dug , U5 . ■ 
U4 . U3 izMm) <om^}^izftLxit. m^ifi^m 
fE^j^.^^cottmm^i:mm-hztx\ mm±m.m 

$gb'>y hCOjt^S-fip ( (W3 , W2 ) , (V3 . 

V2 ) trmflit^) . 

[0012] ^<mmijmi:mimizmmt 

h, t-r. X'r yy ST ll,zis\,-^X. Sftfi-f-* 

w k . V k <r>mm {w k . V k } 

titdL. iili^-^W^izistf?,mm^^'ri>cob-r 

:^jfflw' l.k.w'o.k.v'i.k.v'o, k 

mrr{iL\i' yhcowm^mh (w- j ) . h (w' 

o.k).h(v'i.k).h(v'o.k) Srfi-^ 
•Ti.. Tfiib'-y hcoSfiJ^ti, ^J;t<f , 114 (h)<Dm 

Sfifi^^2 6*>/c>fitj£v^r7-b>y h{4BT-S>Sc7) 
T\ 04 (d) iOh (w' 1 . k ) = 0. h (w- 
0. k ) =lt^S. 

[0013] 04 { b ) <mmm^}^2 smf 

*>ttSjM«{i-§-^2 5cOX-YjEggS- (X. Y) , W 
Ofl-^^iaCtJftSSflfi-^^^C2 6c7)X- YSS^ 

(X- , Y' ) t-ti,. z.<r>t^. WLKiimimmm^- 
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d2 (w; , w) = (X' -X) 
[0 0 14] <j:tcxx./rsT3ici>v^-c. m.-nm. 

1 . k . W 0 . k . V 1 . , V • o . k 
Tfl[t'-y h<7)S*iI^fflh (w' J , k ) . h (w- 
0 . k ) . h ( v' 1 . k ) , h ( V* 0 . k ) tiS 
^'-jKS^S-^LT, Tfilf^t-.y h u k 
itL (uk ) Srff-aL-rs. iJ:tc:^-f-yrST4ttJV^ 
T, ^x yrST3T'fi-»$^l/cTfirfff8t'-y huk <7) 
^^ffcfcmtL (Uk ) *^^iM«Tfi[fPgt'-y hffim^m. 

u' k ^n-s^-ts. 

too 1 5] x-f-yrsT5-c-{i. Sfi«-§-^2 

«f.y hOiftSMu' z.k.u',_i.k. •". 
u' 3 . k S-tt^-tS. 
[00 16] 

[5&HJ*^'»^LJ: p t-f l.igS] mk<7^mi;}mii:X±. 

tf$fit'.y hOlglW^Sr^LT. M«±{aff$Sh'>y 
m^hfzib. iMM±fiffi«b-.y h Sr^lTiE-f I. t 
fiP^, 04 (a) <r>m.fEm^^2o 

t, 04 ( a ) £7)^X'®l'J^$:|tife-rSM«±, 

mm.m2 3bpm-th bz^?:. ±{atf?gb--y hm^m 

i^2Abn^^hfzl^. i^<l±fl[ffifgb'>y hO^ITiE** 

[0017] ZcD^M(i±iicr)X o^j:mm^mm-iti 

[00 18] 

b'-y hcomcmitA^i^TQ-^h'^y h im^-th b b 
ttc, imcft^smxr--/y'l,zXOtm^tit:^^Vr- 
-f b->y hoiti!ytJgifc*^/i>ytij X ^ b' y h ^Ji^L . 
<7)Tfi['tffgb'-y hf:yN-«jT--f b*>y hH^^a-by ht:im 
f S3-b-y hit^X-r-yTt , ■ec7)3-t y hJi^Xx-y 

'5-W^fSfi-^^*»i5>±fi^S#gb*>y h5-it^4±ffiffi« 

b' y h -y r t ^|g(t>t t i7)-C'S, ^ , 

[0019] zff)^Miz^i,mmj3mii. i^-^^m.^<r> 
[0020] z<r>wm<z^h^m-)mi. stifcfcgjtu- 



2 + (V -Y) 2 (2 ) 

s*ifcfeSiti:VN-ux-f b'.y Y<mm^^mnthx 
[0021 1 ^<7)^HBtc^sap*^i, i^jgtfcKJUf- 

Sr^Srr S J: d L ;t t <7)-C'*> ^ . 
[0022] Z(nmi^^h^-)mt. 3 vys'-i^a 

j^-C' h x<?)«^^ m; .y :f 
[0023] zam^\,z%h^m^mt, **sy&KJt«- 
*stcj: offs$ii/c>'N°';x'f b'-y h<nim.-t^:&A^h 

y s" D X ^ b' >y h ^JtS L , ^OT^^i^b' -/ h y l» ir 

-f b'-y N*> n-b -y h $-»^-rS 3-b y h*t^#^gi: , 

-eorj-b^y hii^^gtcj: Oit^§iX7t3-b -y 
<im#i^$rifl^L. >«^efi-^iSi*»/i>±fi[^ffgb'«y h 

^mm-hmimydv v^^fkb^mnz%,<r>x'th 
h. 

[0024] :z(nw?i\,z^h^%m^mt. 9~ifA%^<r> 

^x-n<&b tx. im-k^iis^n^mm^is^iizii 
[0025] cK^Hjfc^sapiiati. itifcfcigjtti- 

ASitt^N-U-r ^ b'-y h<7)i^sytJSJt^l1-S:-r^ J: dtc 

[0026] .rc7)i6BB(c^i,fsii^a{i, ^sfcfcejtti- 

mm-?>xoi.zi,t:i,(/)X'ti?>. 
[0027] zcr>^mmhmmmmii. 3 ^^^N-i^-g 

Brnf^^mij^m^s^^izti^hm^j^^wcommi!}- 
T' hi^ u xoK^ h y -y srn-»-r ^-Tf^m^^mm 

LT. TCi+Mgb y hcO«jK*SJti:yN''J7^^ b y hco 
[0028] 

mmir>mm 1. mi iiZ(mBMcommcr>mm nzxi,m 

P^^Sr^f 7a— ^-v-bTibO, atc;tJ»<->T. ST 

1 m^mm^jm' k . v- k o^m {w k . v 

k > ?:S^i-rsgfiXxyr, STl 2«Smfl^^<7) 
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. kS.ynFfi[b'-y h(^f(j^iih (w- 1 _ k ) . h 

0. k ) . h (v- , . k ) . h (v* 0. k ) 
$:lf-»-t^ff-»Xx y S T 1 3 {i«CA:^ffiw ' 
i.k.w'o.k.v'i^.v'o ,, RimSL 
b'>yh<05fW^fflh (W , ^ ) . h 

0. k ) . h (v- , . ^ ) , h (v- 0. k ) 

(Uk ) tv'tU-r^ t'-y hOJtSt^SJtL (u 
0 . . k.) . L (uo b . k ) Srtf^-rSftJEX-f -yT" 

T'j)!.. ^tj. 5«^x-yrsTi 1, mnx^'vrs 

T 1 2&tm»^x>yrST 1 Sij^h^rndtmcM^S-yt. 

C 0 0 2 9 ] ST 1 4<iTti*f«t-.y h<0«StfcKJtL 
( Uk ) *>4,T<atifgh'-y bOfil^ffiu ' k ism-t^ 
it^fflff-»:;^T--yr. st i sji-'N-'jT--^ t' y hcoitm 

:ftmtL (Uo a . k ) . L (Uo b . k ) 

-f b'.y hOJiSfflu 'oa. k. u'ob. k ^ff^-r 
SitSfflW-eXx-yr, STl 6{iTfi[WfBb' y htfOJi 
Sfiu ' k t^'N-'JT^-f b'.y h«7)«l^fflu ' o a k . 

0 b. k *^'^3-fe-!'h<7)«|Sffiu' c o - . t. k 

S:H^-r^Jt^ffllh»:;^f--yrT'$>^. ^rfe, ^^l^kf^ 

> d' 

'''o.k -° <*'o,Y.k 

V' -d' 



SL;^-f yrSTl 4~STl-6*»4,3-fe y hft^^x-y 

[0 03 0] sTi 7<±3-b.y ^<7)^i^iiu• 
c o s e t . k t^^MmfE-^j^.c7)m^mw" k . v" k 

Srtf-S;-ri) *t^ffitHi;;;?.-r -y S T 1 8 JiSlfifi-^^^ 
^)it^fflw" k , V" k-*»^>±<2ff^b'.yhco«l^ffl ' 

"'z.k.u'^_i,k. u' 3 . k ^ftff-r 
«.«i^fiSfS[X7^'yrT*>&, ^rts. mMmii»^Ty 

rST17. ST18*»^,±fijf|gb-yh«|^;?.xyr 
2!£ig<^SfflQAM$/t;till^«^^,Wk . Vk izmmiji 

w k . V k<^*^J {w k . v k } ^Sfi-rs. 

h. mz, xr-yrsTi 2T'(i. ^mm^s^ffi^m 
{w k . v k ) i)^t>:^-^'m.^(ox-nmx'hhmx 

:^]ffiw' i.k.w'o.k.v'i k.v'o k 
airFfi:b'.yh«OSffl^«h (w- 1 . k ) . h (w' 

o.k).h(v'i.k).h(v'o.k) S-tts: 
[i!i2] 



(3) 



/c/iX. d'o.x.k.d'i.x.k <4S4 ( c ) 

0. Y. k. d' 1. Y. k «4H4 ( c ) <OBMt*»^><o 
^-^ 'J -y Klig|?t2 9{Cffl^-r^. 
[0 0 3 2] d^iiZXT- -y-r ST I 3>,zii\,\X. W^X-fiW. 

w'l.k.w'o.k.v'i.k.v'ok ai^ 

TGb'v hco^^aj^lBh (W ^ . k ) , h (w' 
0, k>. h(v' J k). h(v' o. k) ^ZXh 
^'-'-Ka-^S-^LT. TffitPgb- y h Uk <Oi*a±S 
ifcL (uk ) SrtfSLfS. ;ty::L. Tffi««b'-yhuk 



Uu,^oo).i„'M"i,-«>|(wv 

Pr(u,-00|{W, 



(i. 07<;);?-,-K4WgfcA:^$nSu2, k. u 

1, k«0ffl(u2. k. Ui. k) Sr^-f i><7)i:-r.|., 
[0033] mW.mz},i. }!K<r>X o \,z tTTfiljPSb y 
Huk<0*tjR}fc^L (Uk ) SrffSC-ri.. CT;cJf. u 

2. k=0, ui. k=0 (JilT, u k = 0 0 fcaiE-r 

w k , V k io^^ij < w k . v k > 

itL ( u k = 0 0 ) 14. -fmni. o (cfhK-r s . 
[$^3] 



(4) 



[0 0 34] L (uk = 0 0) =OHirS 

-e^tJiuk =0 0$rSi^tfOffffib-y ht-r^7t:*^T' 

nmz^ sfi^i^jiiw' k . V' k co^j^ij < w 

k . V k } 5-SfiL/>;fc#. j*m$ix/^1Sfgb'.y 
Uk =0 1-Cii5*figyfcgibL (Uk = 01 ) . Uk = 



10T-*&m«:-^L (Uk=10) . Uk=llT' 
*>^*=fSbfcmtL ( u k = 1 1 ) «4, ^tt^flflt<r>i. 

[|%4] 
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Pr(u,-00|{W,.V',)) 

Pr(u,-00|{W,.Vj) 
Uu,-ll)-h^<">-l^liw;.V'J) 

P^K-ooilw^.v;}) 



(5) 
(6) 
(7) 



[00 35] ddT-. Pr(uk=00| {W,,. 
V k > ) Sm^^AW k , V iSD^jq { W 

"2. k=o. ui. i,=ox'h?>^nmmi:0.-t. 

Hait. Pr (Uk =0 11 {W k . V k } ) 

Sfifi-^jtw k , V k (omm <w k . V k > i& 

ui. k = ix'h^^mmmi^L. Pr (uk=i 
.0 1 {w k , V k > ) ti. ^mm^j^w k . v 
k {w k , V k } $-gfiL^t#, iMfisn 

JtW$8b--y h*>'u 2 . k = 1 . u 1 , k = 0T-?)§^ft 
Pr (Uk =1 1 I <W' k . 

v k > ) S«^i#^w' k . V k < w 



k . V 

"2 . k = 1 . u 
[0036] tf.z. X-f-yrSTlBTIi. >'^i;-r^b' 

•y K<0^«lt:«mL (uo a, k ) . L (uo b k) 

t'.y huo a . k {^^trSStSiC^BKifcL ( u 

0 a . k ) i:. S!lfWfflaiSji^4$^l4*><t>ai:»3$ 
(8) 



Pf("oN>"l|{W,.VV}) 



(9) 



[0037] ZZX\ Pr (uo a. k =0 I 

<w' k . V k > ) Sfifi^kw k . V k <7) 

^^J {W k , V k > Sr^mtJti:^. JMftS^l./^yN- 
'Jt- -f t'-y h*iu o . . k = OT'ftS^S^mtil*^* 
L,_Pr (uo a . k =1 I <W k . V k > ) (i. 
Stefl^jSW k . V k <7)^^J {W k . V k J ^ 

= lT'S>5^Y'fS|^$r«i-, mmiz. Pr (u 

Ob. k =0 I {w k . v k ) ) ^mm^A 
w k . v k <w' k . V k } ^SfiL^t 

iift§iXJtVN-'J7^.f b'>y h*>'uo b . k =OT'$>S 
^fMt5|^$:«L. Pr (uo b . k = 1 I IW k . 
V k > ) Sfifi-f-jirW' k . V' k (Ttmm { W 
k . V k } 2rg«L/ii:S:, )Mfi$/i?tVN"'Jr-< t'-y 
f^**" Ob. k = 1 T-aiS^fM+Si^$r^^. 
[0 0 3 8] mzXT- yTST14l,Zii\,^X. T&tm 
t'-y h<0^tfit±JKitL (uk=00). L(uk=0 
l),L(Uk=10).L(Uk=ll) *^<oT{atf 
fSt'-y huk 0«t^ffiu' k SrH^-ri,. 
Tfiitt^t'-y hc7)StSt±mtL ( Uk = O 0 ) . L ( u 



k=01), L(uk=10), L(uk = ll) CT)^ 

Sckm'tKsLhmdtmtizMmi-tmm^' y htrT 

fiitf^St' y huk crym^mu' k fc-TS. 
[0 03 9]— ^^x-yrSTl 5-C'(i, X7^-yTS 

T 1 4 ojt^ttif-s:;^ T- -y Ti: mmizmffT i>zti,zj: 

0. ^N-l>x-ft'-yh<oj^ffc«:SitL (Uo a . k).L 
(uob, k ) *»'^>'N"U-r-f t'-y ^^D^ft^fflu' 
o a . k . u ' 0 b . k 5:fhS:-rS. 0^;c 
mcitmtL (uo a . k ) >ot-*>it{f. y^Oy- 
A t'-y hcO«t^ttu ' 0 a . k S- " 1 " tW^U. S«S 
:^tSJtL ( Uo a . k ) S0T-$)illf, >'N'i;7^^ t'-y N 

OliSffiu ■ 0 a . k $• "0" tflj^-r-i.. (il^iC, 

Sfc^t^L (uo b. k ) >OT-**l.{f, ^N-UT'-f t'-y 
hcOit^fflu' Ob. k* "1" tfl^L, im^gifc 

L ( Uo b . k ) ^OX'hftiiS.. yN-'Jx-r t'-y hcoift^ 

0 b. k €■ "0" t^'^-th. 
[0040] mzx'f y r S T 1 6 ^CiJV^T . T{2ffi^ 

t'-y hcOM^au • k t>'^•'JT•-^ t'-y h<7)*iSffiu " 

0 a . k . u ' 0 b , k *'^>3-fe-y hcOjiSflu ' 

c o s e t . k ^tfai:-^'?). 116 ( a ) , 
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( b ) (OaWN'-i^-g >'2*<^ ( 1 ) T 



0 . k . V , 

me] 



0.k 



l.k 



OA ' 



2.k 



'o».k 



(10) 



■eLT. 08 (d) iOR^#BlgUT3-b-yhiOjt^ffi 
" ' c o s e t . k 

10 04 1] <J:(CX7'.yrSTl 7iCi3«r^T, 3-fe«yh 

^o«i^ffiu • c o s e t . k **'^.3*fifi-^.^oji^ffl 
c o s « t . k '^^•c, Sfifi-§-^w' k . V' k tcs 

fiffi-^^iOitSfflW k . V" k *»<>±{4ffilBh'-y hiO 
it^ffiu- z.k.u',_,.k. u' 3 k 

10 0 4 2} JiLh*»4>Ba4>*>=3r i o (c. ^(7)|li£co?g.^ 

Jt*»^>^^•'J x t' y h Srit^ L, ^coTiiLmmh'-y h t 
^'^V'r^ b'-y h*»^>a-fe .y h ^it^-r^ rj-b .y hft^x 
X y T i: , -econ -fe <y h *»^>imm-^^$-JS^ L . 
iMfifi^jS*^ <i>±{aff^ t' -y h 5: Ji^-T i> ±{iffi${l h' -y 

t::fi^LT. ±{j3[ffif8t-<y hoa-^^OSI^S-ffi^-tS 

[ 0 0 4 3 ] Tt^f t. Jt<TH-^i*iii;/ct-|. 

'Jx-f b'-ybcoJt^CfcKJtL (uo k ) . L (u 
0 b . k ) j^iftVN'Ux-f b'-y hCOit^fflu • 

Oa. k. u' Ob. kt. jMfl3-t-y hcOiiSilu' 

c o B « t k i&**^5tH[3&*iii.*36*, ztnimmL 
[ 0 0 4 4 1 ^ T\ m2tmm<mm i &tx«e*^jtc 

mX'h ^ , H 2 OfilttJi 1 tf fg b' -y h S 7t 0 <?)j^fim:^ 
Mmmmjjit (Eb/No ) lfiEW{4±{2ff$Bb- 

•y hob- >y hm *) mmT$}?> . taesfe^nt sutcojg® i 
^Sfe<7)?^®ii7)aw:fir&T«. ±mm\z''yh<r>m-^m 

C 0 0 4 5 ] ±fi[tg^gt'«y h<OfS-^i^0li**^^i|S{C(K 

«$^ii.ai{4»:«?)iior'^)i.. 04 (a) oiM^fi-f- 

*2 0 SriMflLT, Sfifi-f-,i[2 1 ^^ftL^ti^, ^~ 
'i<«-tT-T{aW« b'-y h SriE L < LTt^^S-K^f 



^ t . LTtri 3tc. mtkmx'li. H4 ( a ) tfOH^ 

h<^W^fiJ*S-±effiflJb'.y hf«J^^1^2 3 tm^-th 
bZ^i_. ±{4ftlgb--/h«^®«S2 4i:*I^-rS^v: 

[0046] CI^IICM LTHMom® 1 Tti, y h 

^b'-y h<7)w^ffiis$r±fifffffgb'.y hm&mm 3 
-Thzbi^x'^^. ji-yx. immx'iimiiELxLt 

[0047] ^<mfs^2 . 03 \i.zffy^m(r)mm<r>m 
m 2 {c J: § ^m^mi^-tm^mx-h 0 , lacfcv . 

3 OI4*tm*gitfl-S:^a. 3 1 {isrm^Aw k , 
ffi-CJ>SSKA:^fiw' 1 . k . W 0 . k . 

V 1 . k . v 0. kktrrfi[b'-y h<7)g^j^ffih 

<w' 1 , k ) . h (w' 0 . k ) . h 

(V , . k ) . h (v- 0 . k ) S:H^t-|.«LA:>jfit 
ft^. 3 2{4«CA^jaw' 1 . k . W 0 . k . V 
1 . k . V 0 . k Strriiib'-y hCD®fiJSlBh (w- 
1 . k ) . h (w' 0. k). h(v' 1 k). h 

( V 0 . k ) ^zxh:?—if^m.^^^ix . Timm 
b'.y hco^^sc*gjtL ) tnm^'jm^^?^^^ 

Sl ItCj: ^^^iXtzft*J^'( b'-y hcOM^^KifcL 

(UO a. k ) ^lt«C-r«.«-^T'«>S, 

[0048] 33\mx-)im^- , . k . w 0 k . 

v' 1 . k . V 0. k aiTFffib'y hc7)lg¥ij^fflh 
(W 1 . k ) . h (w' 0 . k ) . h 
( V , . k ) . h (v' 0 . k ) *»^.Sfiffi<gffiL 
c h (uk ) ^Itff-rSSffifgilSfflff-^iS. 3 4«T{2 
W^b'-y h<7)^?fgytKJtL (Uk ) *»'i>SfiSRi|S<lL 
c h (uk ) fcVmnS^ifcL. (uk ) StMICLT. i'h 
aJffl#5l*it:Le (uk ) 5-a:^-r-5.MflL^, 3 5{4S 

mL. (Uk ) ffimmtiimmLx, mmmiti^ 
« (Uk ) hLx^-fi-th-^ >^ senMi^m 
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i.k-w'o.k.v'i k.v'o.k RlTf&L 
0. k ) . h (v- 1 . k ) . h (v' 0. k ) 

10 049] 38{i®:A:'3ffiW , . k . W 0. k . 

1 . k. V 0. kSWTfi[t' y hcOSfiJ^fflh 
<W 1 . k ) . h (w' 0 . k ) . h 

1 , k ) . h (v' 0 . k ) {=J:l.^'-'-KfI#^ 

immtiB^^n^^ 1 4 1 j; o^^^i^^ty x f 
•y ^^o^:^^sfcml:L ( u o t . k ) ^mni-trn^^. 

3 9{±T{i3[|f$gh'-y h(r}nm.:mitL ( ) *>^>gm 

JitefflLe h (Uk ) trnmrnmith^ (uk ) 

4 o«is^fff<)aaiSja;?i^^f-^fii 1 tmm^mifzMh 
^mmmmitL^ (uk ) <^Mix#;c^ii*feL-c, mm 

[0050142 {±a-fe -y hJi^^g, 4 3«fa-f-S3 
2tcJ: OtH:$iX!t^N-»;7^-f b'-y h^OidmMiti^ ( u 
0 a . k ) t:^-^i'^TSffiWffli^sa;^iLif-f^i i<7)j^ 

Vt^ b'-y hSrfiJ^L. 7C<?D3*ff>'N°i;x-f iOit^flu ' 
0 a . k S:ff®-rS¥!l«S. 4 4<ia^S3 8{cJ:')lf 
»§iifv:Tfiitilgh'-y hcoWibtmtL (uk ) fcctt^f 
^N-^T^-f h'>y Nc7)mfcmbL (uo b . k ) fcS-^U 

>'N-U7^-f b-.y h^ipML^ 7ncOiM«T©««b'>y 
^fflu ( = u' 2, k. u' 1. k) J:y7t:<7)ai 
ft^N-'Jx^f 0«|^<lu • 0 b . k i:ff»-t?>m^^. 4 
5{iT{21Sfgb'.y h^oit^ffiu' k ( = u' 2. k . 
u' 1 . k ) i:>'N°Uf-'f b'y hcofi^ffiu' „ a. k . 

^' 0 b . kt'^=i-^-yh<r>mmmn' , , , ^\ ^ 

3-fe y hcoft^ffiu' c o s e t . k *»^>±fi<ff$llb'.y 



h<oai^fiIu' z.k.u',_,.k. .... u' 

3 . k (±fi[««b'.y hit^^g) T' 

ft*. 

S3 Iti. Smfi#^W' k . V k {w k . 

V k > SrSfit-^i:, ^ (3) ^fffi[LT. ^-Ti^m 

^<ox:fjmT$>i,mx:fjmvr- i . k . w o . ^ . 

1 . k . V 0. k&tTFfib'-y ho?Sf!|^ffih 
(W 1 . k ) . h (w' 0 . k ) . h 
<v' 1 . k ) . h ( V- 0 k ) 2:^461,. 
[0052] fS#S3 2{i. !KA:»3fflitffS3 1 *i«CA 
^Jfflw' 1 . k . W 0. k . V 1 . k . V 0 k 

o.k).h(v'i.k),h(v'o,k) S-tf-m 
L, ;:^>f •yf-4 l*i^«fr5|^JtL^ ( u k ) S-Jl5:fj-r^ 
i: , IRA:^3fflw' j k.w'o k. V i_ k. 

v 0 , k ar/Tfib' y hcomm^mh 

, . k ) . h (w' 0. k ) . h 
( V 1 . k ) , h ( v' 0 . k ) {-J:S^'-;K«#f- 

mmtx. TttLmrnh'^hcoMWitrntL (uk ) &n- 

K-rS. ;t7tfL. x-f •y^4 l{i^;KST{iiPJt-« 
^$^ITV->^C7)T\ llHlS<^#Tii=MSHiO?ra-^li 

3 2 tiB:>3-r s . 2 HI simc^m^Tii 1 1 Mtsigg^ 
it^oT', x-f y ->'N'4 o*<iii^)-rs»ffirsi*jtL 

a (uk ) S-fS-^S3 2(citi:ft-rs. fl:*WtC<i, ^ 
( 4 ) ( 7 ) 5^f^»■#-SC: i: ^zJ: *) . Ti2<t?gb-.y 

^^o^^fdL:JKitL ) 

[0053] SfHgi|ifflff-»S3 3<5, «:A;^ffilfffS 
3 l*««:A*ffiw' 1 _ k . w 0 , k . v J k. 
V 0. k ^im^©b'.y ^c7)^i!!|a|^ffih 

(W 1 . k ) - h (w' 0 . k ) . h 

(V 1 . k ) . h (v' 0, k ) ^im-ttt. iRA 
:'3fflw' i.k.Wo.k.v'i.k.v'o k 

Rirr{iL\^''y hcmm^mh (w- , _ k ) . h (w- 

0 . k_) . h ( V • 1 k ) . h ( V ■ 0 . k ) i^^^ 

ismmL^ h (uk ) s-tfsc-ri.. tbco^ 

( 11 ) - ( 1 4 ) Srft^-rS^ fcfci 0. ^^ififfi 
Lc h ("k ) 
[j8fc7] 
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-00) 


,Pr(W\.VUu. 


-01) 




-00) 


,Pr(W.,V'Ju. 


-10) 




-00) 


Pr(W',.V'Ju, 


-11) 



Pr(Wk»V'Juk -00) 

tzfcL.L^t, (Uk =0 0 ) =0i:^S*5. ZtHiu 

10 0 5 4] «Sf53 4<i. T^ff?gb*-y 

jtL ( Uk ) *»/bSfe^fflL^ h ( u k ) t^mmm 

Le (Uk =00) =L (Uk 

-L^ (Uk =00) 

Le (Uk =0 1) =L (Uk 

-L^ (uk =0 1) 

Le (Uk =1 0) =L (Uk 
-La (Uk =10) 

(Uk =1 1) =L (uk 
-L. (Uk =11 ) 
^^Tt'L. l6SL.l|Hl@iOm-f-tci5V^T(i. ^Ifiii^iti: 
UT. TOfflL, (Uk=00)=L^ (uk=01) 
= L. (Uk=10)=L^ (Uk =1 1 ) =0*i}{)*A 

[ 0 0 5 5 ] -f <J-J^3 5ti, jiS[S34*«^|.a5til 

«5i*itL , ( u k ) ^tii:fj-rh b . mm&^mmssi.;^ 
e (Uk ) <7im/mti:mmL. m/wiwmmmBt 

i|*itL. (uk ) $r»l??8^itL, (uk ) fctrai 

A:^3ffiw' , k.w'o. k. v 1 k. v 
0 , k StTFffih'-y hcommi^mh (W , . k ) . h 

(W 0 , k ) . h ( v' , k ) , h ( v' 0, k ) 

5rai:>3-rs i: . wimmms:ii.^^'^^ i4t mm^m 

■SJti6IRA*fi[w' i.k.w'o.k.v'i.k, 
V 0. k StTFfib'-y hcoSW^Mh 
(W 1 . k ) . h (w' 0 . k ) . h 

(v'i.k),h{v-o.k) <oMimtimm-t 

i^ism&mi^^ h (uk ) $:ttl^J-r-i.i:, SilfWIftBI 
^3^1^f^^ 1 4 i: |SI»3Sr0S7ti^SftS|iISffiL 

c h ( Uk ) i7)Mi/-#x$-iiifi-rs. 

t 0 0 5 6 ] a-f^S3 8ii. U-^O 6**MtX# 

(W 1 . k ) . h (w* 0 . k ) . h 



(11) 
(12) 
(13) 
(14) 



e (Uk ) S:ai:'j-r^. III*>. Tle^O^ (1 5) — ( 1 

8 ) in»-ti> z.tizx*). ^y^mmmmit l 
. (Uk ) Sr**:>s. 

00) -Lc h (uk =00) 

(15) 

01) -L, h (Uk =01 ) 

(16) 

10) -L, h (Uk =1 0) 

(17) 

1 1 ) -Le h (Uk =1 1 ) 

(18) 

<v'i.k).h(v'o.k) &lii:nL. 'Oi'V 
WN'3 5*«»OT5|^JtL, (Uk ) itii:h^^t. S-^ 

^3 2tmmiz^x:hmw , k.Wo k.v 



' 0. k strF{ab'>y hos^j^ffih (w' 

h (W 0 , k ) . h (v' 1 . k ) . h 



1 . k . V 

1 . k ) . 

(V 0. 

t'-y hcTji^sfcfcmtL (Uk ) ^ff»-r-i.. Mi^mz 

«4. ^ ( 4 ) ( 7 ) ^stm-t^^tizJ: K) . T{atf 
Sit' j'hoiWgytKJtL (uk ) 

[0057] mn^3 9(4. TfitPgb'-y hO^^^^K 

jtL (Uk ) ij^^^mmiBmL^ h (Uk ) tvmisi* 
JtL, (uk ) ^«s:lt, i'l-gpffi^ii^jtL 

e (uk ) 2:*:^-?-^, fiP^. mM^3 4tmmiz, ^ 

( 1 5 ) - ( 1 8 ) srft^-fi.^ t 0 . n^mmm 

mitL^ (Uk ) T^-f >^'ll-^N-4 0{i. 

^ISSg^iJ'f.gBfflfgSt^itL. (Uk ) S-ffil^-rSi:. 

mmttL, (uk ) <OMt^«x. 2:1151 L. i'hgPtt^g^^ 
JtL, (Uk ) ^-^HtrSi^ifcL^ (uk ) i:LTa#S§ 

3 2{C7^--hVs'.y^-r'S., 

[0058] itifcfcSifcff»^S3 0 {4, ±ieo 

nm^m^ffimmizB.'^xm'omLm^'r^h zt^zj: 

(uk ) <^mz, ^ (8) &ft»:fl.Ct(cJ:D. S» 
M««eii;^49F#Sl 1 fci '9^$i^7ty^•l;■r-^ b'-y 
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b^OWgtfcgifcL (uo a . k ) 
LC0WLm\SX'ii. fi-^3 8*iTfiipgt''y h<7)Jtgc«: 
SJtL (Uk ) c^ffitc. ^(9) 2rH-S:-r-&^tfcJ: 
0. S*«e<«3»Sii;M9^14fc:J:')^S*i;t>'N-y 

[00593 ¥'JSS4 3J4, a^3 2*^>'N->JT--f b'-y 
b<Oi*a*eJtL (uo , . k ) ^ff^-r^i:, ys-Ux 
^ b'y hCDJt^mtL ( u 0 a . k ) {3S-:*V^TIf<i 

^t|gt*«JtL (Uo a k)>0-C* 
trn. yN-U7^>f b' y hOlt^fflu' 0 a k ^ " 1 " h 

^•J^L. *tSMifcL (uo a . k ) ^OX'hixli. ^N- 
yf--^ b'-y hOlt^ffiu' 0 a k 5- "0" 

[0060] ¥'J^§|4 4J±, «^t53 SiJ^N-'Jx-f b' y 
h^OStlBcfcKifcL (uo b, k ) imn.-ti>b. >N-'Jx 
b'.y NOj^iCfcmfcL ( u 0 b . k ) tC«-:JV^TS« 
e^ffl^fi3a^^??-^S 1 4 <7)yN* i; ir f -y h $:flj^ L , 7c 
oiSfl^N-yT^^fOii^ffiu' 0 b. k $:fhS:-rs. if* 
Wtca. SmtlSltL (uo b >0X'$3 

tH£. ^N-'J-r ^ b'-y hcoii^tf u ' o b . k «r " 1 ' i: 
*I^L-. MWmttL (uo b . k ) SOT-*>fl{f. ^N' 

ur-f b'-y hcojt^iiu • 0 b k 2- "0" tn^-t 

[0061] ^J^§|4 4{i. T&mm^'y hCOM 

^itMitL (Uk ) S-ai:»j-rSi:. TUmmii-yhcT^M 

mM}tL ( u k ) *»'5>Tfii'if«b-.y N u k coimm 

u' k 5rffS:-^i,. fiP*>, M^lt^L (Uk =0 
0). L(Uk=01). L(Uk=10), L(Uk 
= 11) ?:tii:fTttt. ^c7)4fflcottJT'fi±ffi^JRSjhf 

m±mstizMm-ttim\z'^y h^Tfi:i»fgb'.y h u k <o 

[0062] ffJSS4 5{i, W^S4 4 1 i OW»$n 
:tTffiffif«b*-y hOJt^fiu 'k( = u'2.k.u' 
1 , k ) ¥'J^S4 3, 4 4fcJ:0ffS:$kj^.:v'tyir 

-f b'-y hCOftSff U 'oa.k.u'ob.k fc*^^>3 

■fe-y h<Ojft^fiu ' , „ , , t , k 5rtfflL-rs. 

d2 (W , W) = (X' -X) 2 
[0067] iiflSScO^^i: tX. 

Pr(WlW) = -p4=cxpJ 



T'^*«-^. 5* (1 0) ^OH^^-Htrf SCttcJ: 

''^ , . k . w" 0. k . v" 1 . J, . V" 0. k 

^imt. 08 (d) crmi^mLx=i-\i-y h<7ytmm 

u ' c o s e t . k Sr^i6i). 
[0063] *1^SI4 6«. ¥iJ^S4 5^*3 -fe -y h<m 

Sfflu ■ c o , . t . k S'if-ff-ri.j:, smm-^/sw 

k ._V k tn-b-yhOit^iiu' ^ „ 3 , t k**'?* 

mEm^j^crm^mw k . v ^ ^ff^-r =5rij, 

i*fi^i-f-jSOiflSfiW" k . V" k (4. 3Hr -y NOii^ 
fflu ' c o s e t . k OiliT', Smft-§-^^fW' k . V 

k t:fitjfiv^^.t-rs. -?-LT. «^S4 6{i, mmm 
^M.(r>m^m" k . v" k *»^»±ffififfl5b'.y hcojs^ 

?8b' y hS-iElitcJt^LT. ifi-tf^b'-y 

[0064] mm^^mms . ±simmcomm2X'ti. n 

lfcfcKitff»#g 3 0 *n=-^ffl$g b' -y h coMmiMitb 
y U -r >f b' -y hO??Sfc:fcOEJtSrff^t- S t <^fcov 

L^/'cj&j. mxijmc7)mjmsx' huv x<7M:< hv-/^^ 

siM-t^ ^ -7f^m^i:m& LX , TfiZfSfgb' -y h coim. 

txhx\,\ zc^mm<^mm3X'i±. «cA:^iiff- 
[0065] m:mx'ii. 04 ( b ) c^-r i d s 

tefl^^^2 6*^^>3*fifi^^52 5 iT'c7)2^:x— ^ U .y 

mm<mmi. 2Tti^ m4 (c) tc^-rj: ate 

fi-f-jS2 6*»4>Kffi^T'<7)jL-:;'t'.y Hgg||2 8. 2 9 
Srfi-a-r S c: i: J: 0 *y3T 1 1 , 

[ 0 0 6 6 3 04 ( b ) (r>^i:^X'm.-ttTMicr,X 

2 5i7)X-Y;ffiS$: (X, Y) , W eOfi-§-^^G^ratC*J 
ttSSfIffi#j^i2 60X-Y^liSr (X' , Y' ) fc-r 
lt».:>3fi{4jM«fi-^;^c2 5i:5fifi^^ 
2 6<7)2fti-:? U -y H|®||2 7 t LX. ^TcO^olZ 



f (Y' -Y) 2 
[igtS] 



(19) 



(20) 



TfiiW^b'-y hO*Jfbtgit«OthS5ei5 il/^N'Dx -f b' 
•y h<r)MWc^itcoiiM.^izti^ :/fcKP r (W | w) 
<oa*i#i^T.TV^S. ^ (4 ) - ( 7 ) tCfcV^T. 



(20) <7)i^S:^s.i:o;t3l*i^t/t|,Cj:i:^:S. 
3^ (4) - (7) (ctJV^TTiilf^b-y hcoit 
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mim. ^(20) t:&.T(r>X 3 fcifgfBMfctTffmt- 
Pr(W'|W)-d'(W,W) 



(2 1) 



[Sil 0} 



d'(W, W)-h'(w'^,w^,). d'x + h'(wVk.w^J. d'y (22) 
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